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Fig. 1
$y$ . , . ,
. , $L$ . ,
$U_{0}$ , $\kappa$ $L/\kappa$ (
).
$\nabla\cdot u=0$ , $\cdot$ .. ..... .... .......... . ... . . ...... . .... .. ..... .. ........... .. . . .. .......... $(1)$
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u$
$=-\nabla\tilde{p}+Pr\nabla^{2}u+RaPrTj,$ $\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdot\cdot(2)$
$\frac{\partial T}{\partial t}+(u\cdot\nabla)T=\nabla^{2}T$ . $\cdot$ . .. ... .. ... .... . .. ... ....... ... .... .. . .. .. .——–. (3)
, $i,$ $j,$ $k$ $x,$ $y,$ $z$ , $u_{-}=ui$. $+vj+wk,$ $T$ , $\tilde{p}$
, $p$
$\tilde{p}=p+RaPr(y-\frac{1}{2}y^{2})$ . ...... .. .. . ....... ......... . .. ........ .... .. . .. .. .. .... .... $(4)$
. $Pr=\nu/\kappa$ Prandtl , $\nabla=\partial/\partial xi+\partial/\partial yj+\partial/\partial zk$ , Boussinesq .
$\nu$ , Rayleigh & .
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(2), (3) Kim-Moin .
$\frac{\hat{u}-u^{n}}{\Delta t}=\frac{1}{2}(3\mathrm{H}^{n}-\mathrm{H}^{*-1}’)+\frac{1}{2}Pr\nabla^{2}(\hat{u}+\mathrm{U}^{n})$ ,
........................................... ................. .. .. . . (5)
$\frac{u^{n+1}-\hat{u}}{\Delta t}=-\nabla\phi^{n+1}$ , $\cdot$ ........................ .. ....... ........ ............. .... .. .. ..(6)
$\frac{T^{1*+1}-T^{||}}{\Delta t}=\frac{1}{2}(3\mathrm{H}_{\mathrm{r}}^{n}-\mathrm{H}_{\tau}^{n-1})+\frac{1}{2}\nabla^{2}(T^{\mathrm{B}}+T^{n-1})$ .
................................................................ .. (7)
, $u^{n},$ $T^{*}$’ $n$ $u,$ $T$ ,
$\mathrm{H}^{n}$ $=$ $-(u^{l}’\cdot\nabla)u^{n}+RaPrT^{\mathfrak{n}}j,$ $\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdot(8)$
$\mathrm{H}_{\tau}^{n}$ $=$ $-(u^{n}\cdot \mathrm{v})T^{\mathfrak{n}},$ $\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots(9)$
$\Delta t$ . \^u ( ) . $\phi$ , $\phi$
$\tilde{p}$ (5), (6) \^u (2)
$\tilde{p}=\phi-\frac{\Delta t}{2Re}\nabla^{2}\phi$ ......................... ............ .. .................... ........ (10)
.
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$\Delta x,$ $\Delta y,$ $\Delta z$ , .





$h(x)= \frac{1}{2}\{\frac{1}{\alpha}\tanh$ C $(2x-1)+1\}\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots\cdots(13)$
, $C_{o}= \frac{1}{2}\log\frac{1+\alpha}{1-\alpha}$
46
. $\alpha$ $0<\alpha<1$ , 0 , 1
. Fig 2 $\alpha=0.82,0.92$,0.98346 $h(x)$ .
Fig. 2 $\alpha$ $h(x)$
, , ,
,
. , $\alpha$ 2 4
. , 4 $\alpha=0.92$





$(y=1)$ $x$ $1(u=1)$ ,
$u$ 0 . , $u=1$ , $u=0$ .
, $Re=1\mathrm{O}\mathrm{O},$ $400$,1000 3 .
(9)
. ,
$u_{res}+v_{res}+w_{re*}<1.0\mathrm{x}10^{-6}$ .............. ..................... .....——. (14)
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..... .. ... .. .... .. ...... ........ . .. ....... .. .. . (15)
. $v_{ree},$ $w_{re\epsilon}$ . $N=N_{l}N_{y}N_{z}$ , $N_{x},$ $N_{y},$ $N_{z}$ $x$ , $y$
, $z$ . $\Delta t=5\mathrm{x}10^{-3}$ .
, Ku (4) ,
. , (5) $\omega-\psi$ (6 ) . ,
$(30 \mathrm{x}30\mathrm{x}30)$ $\alpha=0.92$ &=1 , 400, 1000








, $Re=1\mathrm{O}\mathrm{O}$ , 2 , 4
, . $Re=400$ , ( $x=z=0.5$) ,
( $y=z=0.5$) , $\omega-\psi$
, 4 . Re=1 0
Fig.3(a), (b) . , , 2
] , 4 , $\omega-\psi$ , , ,
2 .
$\alpha$ , $\alpha=0.82,0.92,0.98346$
. Fig.4(a) , $\alpha=0.92$ , $(30 \mathrm{x}30\mathrm{x}30)$ $(40 \mathrm{x}40\mathrm{x}40)$ ,
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$(50 \mathrm{x}50\mathrm{x}50)$ , .
$\omega-\psi$ . ,
, . , Fig.4(b)
, $\alpha=0.82$ $\alpha=0.98346$ ,
. , 4 , $\alpha=0.92$
.
(oe0.82) (oeO.98346)
$-(30^{*}30^{*}30)$ $—(40^{*}40^{*}40)$ $-(30^{*}30^{*}30)$ $(30*30*30)$
—– $\cdot$ $(50^{*}50^{*}50)$ – $-(40^{*}40^{*}40)$ $—(40^{*}40^{*}40)$
—– $\cdot$ $(50^{*}50^{*}50)$ —–$\cdot$ $(50*50*50)$




$Pr=7.0$ . $(y=0)$ , $y=0$
$T=\Delta T$ , $y=1$ $T=0$ . , $n$
$/\partial n=0$ .
Rayleigh $Ra$ $\Delta T$
$Ra=\beta gL^{3}\Delta T/\nu\kappa$ ... .. . .. .. .. ........... ................... . . .. ........ ... .. .. ..... (16)
. $\beta$ ; $g$ . $\Delta T$ ,
49
$\tau$ .
$T=1-y+\tau$. $\cdot$ . ........ .... ........... .. .... ........ . ........... .. .. ...... .. ...... . (17)
, $x,$ $z$ $y$ .
$\tau(t=0)=\tau_{m}y(1-y)$ . $\cdot$ ............. .. ..... .... ...... .. ................. ..... ...... . (18)
$\tau_{m}/4$ , $\tau_{m}=\mathrm{O}\mathrm{J}$
. $\Delta t=2\mathrm{x}10^{-6}$ , $(N_{l}, N_{y}, N_{z})=(30,30,30)$ . CPU
Alpha 21264 $5W\mathrm{M}\mathrm{H}\mathrm{z}$ , 1 15 . &
, , .
, . Fig 5, 6 Rayleigh





Fig. 5 & ${\rm Max}|\tau|$ Fig. 6 & $\mathrm{M}\alpha|u|$
, . ,
Rayleigh , .





Fig. 7 & ${\rm Max}|\tau|$ Fig. 8 & ${\rm Max}|u|$
, $Ra=6050$ .
$Ra<6050$ , , , $Ra>6050$
, , .








Fig. 9 $Ra=1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$ ${\rm Max}|\tau|$
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, $Ra=1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$ , $t=\Delta t,$ $0.1$ ,0.2134, 0.6 $z=0.5$
. AVS , Fig 10 $\mathrm{a}(t=\Delta t)$ ,
$\mathrm{b}(t=0.1),$ $\mathrm{c}(t=0.2134)$ , $\mathrm{d}(t=0.6)$ .
(a) $(t=\Delta t)$ (b) $(t=0.1)$
(c) $(t=0.2134)$ (d) $(t=0.6)$
Fig. 10 $Ra=1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$ $z=0.5$
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$x$ , $y$ . Fig 10 $t\approx \mathrm{O}$ $x=0.5$
. , Fig 11 (a) $(x=z=0.5)$
. , , Fig 9 $\mathrm{b}$ , $t=0.1$
, Fig 10 (b) . , Fig 10 (d)





(a) $t=0.64$ 4 (b) $t=1.66$ 2
Fig. 12 $Ra=1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$ 4 2
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,2 . , Fig 12 $Ra=1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$
, 4 t=0.64( (a)), 2 $t=1.66$ ( (b)) 3
. $x$ , $z$ $y$ , Fig.12(a)
$z$ $(0.5\leq z\leq 1)$ . , 4
$x=y=0.5$ , 2 $x+z=1,$ $y=0.5$
. , ,
(10) , 4 .
, 4 2 $\tau$ (Fig 13). $Ra\leq 6000$
, &\geq 6050 4 ,
. Rayleigh , 2 & 8 0 . , 4
, 2 .




, 4 $\mathrm{A}$ $\mathrm{a}$ ,
6 .
,
, 4 2 . 4
$\alpha=0.92$ , 2 $\alpha=0.98346$ .
$\mathrm{t}$
(a)& $\leq 6000$ $(\mathrm{b})Ra\geq 8000$




, Rayleigh , Rayleigh $(x=y=0.5)$
, . Rayleigh $Ra_{c}\approx 6050$
.
, , 2 . ,
2 .
, Rayleigh Rayleigh . ,
Rayleigh ,
Rayleigh . , Rayleigh
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